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APPARATUS AND METHOD FOR REMOVING CONTAMINANTS 
FROM DRY CLEANING SOLVENT 

FIELD OF THE INVENTION 

This invention relates to a dry cleaning apparatus. In particular, this invention 
relates to a method and an apparatus for removing contaminants from dry cleaning 
solvents. 

BACKGROUND OF THE INVENTION 

[0001] Dry cleaning processes include the use of various solvents with appropriate 
machinery to accomplish the cleaning of an article. The solvents used in dry cleaning 
processes solubilize grease related stains such as body oils. Examples of solvents 
used in dry cleaning processes include kerosene, carbon tetrachloride, 
trichloroethylene, perchloroethylene, and silicone based solvents. 

[0002] The growth of bacteria in solvents used for dry cleaning clothes can lead to 
the development of odors in the articles subject to dry cleaning and eventually results 
in biofouling of the dry cleaning equipment. The growth of bacteria in the solvent can 
be accelerated by the presence of water in the solvent. The growth of bacteria in the 
solvent typically produces unwanted odors and results in the development of "bio- 
slime" on or in components in a dry cleaning apparatus. 

[0003] Dry cleaning systems have used a fractional distillation process to purify 
dry cleaning solvents and separate water from dry cleaning solvent. The distillation 
process consumes additional energy and presents the challenge of devising methods 
and devices to capture all of the vapors generated in the distillation process. 

[0004] It would, therefore, be desirable to have a dry cleaning apparatus that 
comprises a device to remove material that can lead to biofouling of components in 
the dry cleaning device and to remove material that can lead to odors in flie articles 
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subjected to dry cleaning. Further, it would be desirable to have a device that does 
not use a distillation process to do so. 

SUMMARY OF THE INVENTION 

5 [0005] The present invention provides an apparatus and method for cleaning 
articles. In one embodiment, an article cleaning apparatus 1000 comprises: an air 
management mechanism 1; a cleaning basket assembly 2; a fluid processing 
mechanism 4 comprising comprises an ultrafiltration filter 127 having a pore size of 
about 0.01 microns to about 0.2 microns; and a controller 5 configured to control a 

10 cleaning process using a solvent based cleaning fluid, wherein said air management 
mechanism 1 is in communication with said cleaning basket assembly 2 and with said 
fluid processing mechanism 4; said cleaning basket assembly 2 is in communication 
with said fluid processing mechanism 4; and said controller S is in communication 
with said air management mechanism 1, with said cleaning basket assembly 2, and 

1 5 with said fluid processing mechanism 4. 

[0006] In another embodiment, an article cleaning apparatus 1000 comprises: an 
air management mechanism 1; a cleaning basket assembly 2; a fluid processing 
mechanism 4 comprising a working fluid device 6, a fluid regeneration device 7, and 
a clean fluid device 8; and a controller 5 configured to control a cleaning process 

20 using a solvent based cleaning fluid or a water based cleaning fluid, wherein said air 
management mechanism 1 is in communication with said cleaning basket assembly 2, 
with said working fluid device 6, and with said clean fluid device 8; said cleaning 
basket assembly 2 is in communication with said fluid working fluid device 6; and 
with said clean fluid device 8; and said controller S is in communication with said air 

25 management mechanism 1, with said cleaning basket assembly 2, with said fluid 

working fluid device 6, with said fluid regeneration device 7, and with said clean fluid 
device 8, and wherein said fluid regeneration device 7 comprises an ultrafiltration 
filter 127 having a pore size of about 0.01 microns to about 0.2 microns. 
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[0007] In another embodiment, a method for performing a solvent based cleaning 
process using an article cleaning apparatus 1000 comprises: passing a solvent based 
cleaning fluid through an ultrafiltration filter having a having a pore size of about 0.01 
microns to about 0.2 microns. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] These and other features, aspects, and advantages of the present invention 
will become better understood when the following detailed description is read with 
reference to the accompanying drawings in which like characters represent like parts 
1 0 throughout the drawings, wherein: 

[0009] Fig. 1 is a block diagram of the article cleaning apparatus 1000 in 
accordance with one embodiment of the present invention; 

[0010] Fig. 2 is a block diagram of the article cleaning apparatus 1000 in 
accordance with one embodiment of the present invention; and 

1 5 [00 1 1 ] Fig. 3 is a schematic diagram of a filter arrangement in accordance with 
one embodiment of the present invention. 



DETAILED DESCRIPTION OF THE INVENTION 

[0012] Dry cleaning processes include the use of various solvents with appropriate 
20 machinery to accomplish the cleaning of an article. The solvents used in dry cleaning 
processes solubilize grease related stains such as body oils. Examples of solvents 
used in dry cleaning processes include kerosene, carbon tetrachloride, 
trichloroethylene, perchloroethylene, and silicone based solvents. 

[0013] The growth of bacteria in solvents used for dry cleaning of clothes can lead 
25 to the development of odors in the articles subject to dry cleaning and eventually 
results in biofouling of the dry cleaning equipment. The growth of bacteria in the 
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solvent can be accelerated by the presence of water in the solvent. The growth of 
bacteria in the solvent can also result in the development of "bio-slime" on or in 
componerits in a dry cleaning apparatus. 

[0014] Bacteria, viruses, and other particulate material may be removed from the 
5 dry cleaning solvent by filtration through an ultrafiltration filter. This material may 
be retained by the ultrafiltration filter while the dry cleaning solvent passes through. 

[0015] The present invention provides an article cleaning apparatus and a method 
for cleaning articles. As used herein, the term, "articles" is defined, for illustrative 
purposes and without limitation, as fabrics, textiles, garments, and linens and any 

10 combination thereof. As used herein, the term, "solvent based cleaning fluid" is 
defined for illustrative purposes and without limitation, as comprising a cyclic 
siloxane solvent and, optionally, a cleaning agent. As used herein, the term, "cleaning 
agent" is defined for illustrative purposes and without limitation, as being selected 
from the group consisting of sanitizing agents, emulsifiers, surfactants, detergents, 

15 bleaches, softeners, and combinations thereof. As used herein, the term, "water based 
cleaning fluid" is defined for illustrative purposes and without limitation, as 
comprising water and, optionally, a cleaning agent. 

[0016] In the present invention, the article cleaning apparatus 1000 of Figure 1 can 
be configured to perform a cleaning process using a solvent cleaning process or to 
20 perform a combination of a solvent cleaning process and a water cleaning process. It 
is recognized that alternative configurations of the article cleaning apparatus 1000 are 
possible. 

[0017] Referring now to Figure 1, the article cleaning apparatus 1000 is operable 
to perform a solvent based cleaning process. The article cleaning apparatus comprises 
25 an air management mechanism 1 , a cleaning basket assembly 2, a fluid processing 

mechanism 4, and a controller 5, wherein the fluid processing mechanism 4 comprises 
an ultrafiltration filter 127. Each of the air management mechanism 1, tiie cleaning 
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basket assembly 2, the fluid processing mechanism 4, and the controller 5 are in 
communication with each other. The air management mechanism 1 provides air 
intake and air exhaust for the cleaning basket assembly 2 and the fluid processing 
mechanism 4. The cleaning basket assembly 2 provides a mechanism to clean 
5 clothing articles with a solvent based cleaning fluid. The fluid processing mechanism 
4 provides a solvent based cleaning fluid to the cleaning basket assembly 2. Once the 
cleaning process is complete or during the cleaning process, the cleaning fluid may 
flow to fluid processing mechanism 4 wherein the cleaning fluid passes through an 
ultrafiltration filter 127. The controller 5 is configured to perform a cleaning process. 

10 [0018] The ultrafiltration filter 127 comprises materials compatible with the 

solvent based cleaning fluid used in the article cleaning apparatus 1000 and method of 
cleaning has a pore size range of about 0.01 microns to about 0.2 microns. Examples 
of materials compatible with a siloxane solvents include, but are not limited to, 
polyphenylenesulfide, polysulfone, polyamide, silicones, and highly cross linked 

1 5 polyamides or fluoroplymers. 

[0019] In an embodiment, the ultrafiltration filter 127 is operable to only allow 
materials having a molecular weight of less than 100,000 daltons to pass through. In 
another embodiment, the ultrafiltration filter 127 comprises an ultrafiltration 
membrane. In another embodiment, the ultrafiltration filter 127 comprises an 
20 ultrafiltration membrane in a spiral wound configuration or as hollow fiber filters. 

[0020] In another embodiment, the fluid processing mechanism comprises an 
ultrafiltration filter 127 and a flushing device. In an embodiment, the flushing device 
is operable to reverse the flow of solvent based cleaning fluid through the 
ultrafiltration filter 127. In another embodiment, the flushing device comprises 
25 flushing valves 140 and flushing lines 150 whereby the flow of solvent based cleaning 
fluid through the ultrafiltration filter 127 can be reversed by closing line valves 160 
and opening flushing valves 140. It is recognized that alternate configurations of a 
flushing device are possible. 
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[0021] In another embodiment, the fluid processing mechanism 4 further 
comprises a particulate filter 125 in communication with said cleaning basket 
assembly 2 and said ultrafiltration filter 127. In an embodiment, the particulate filter 
125 has a mesh size in a range from about 0.5 microns to about 50 microns. In 
5 another embodiment, the particulate filter 125 is a cartridge filter fabricated from 
materials selected from the group consisting of thermoplastics, polyethylene, 
polypropylene, polyester, aluminum, stainless steel, metallic mesh, sintered metal, 
ceramic, diatomeceous earth, and any combination thereof. 

[0022] In another embodiment, the fluid processing mechanism 4 further 
10 comprises a mechanical filter 120 in communication with said cleaning basket 

assembly 2 and said ultrafiltration filter 127. In an embodiment, the mechanical filter 
120 has a mesh size in a range from about SO microns to about 1000 microns. 

[0023] In another embodiment, the fluid processing mechanism 4 comprises an 
ultrafiltration filter 127, a particulate filter 125, and a mechanical filter 120. The 

1 5 mechanical filter 120 is operationally located between the cleaning basket assembly 2 
and the particulate filter 125, and the particulate filter 125 is operationally located 
between the mechanical filter 120 and the ultrafiltration filter 127. In an embodiment, 
the particulate filter 125 has a mesh size in a range from about 0.5 microns to about 
50 microns. In another embodiment, the mechanical filter 120 has a mesh size in a 

20 range firom about 50 microns to about 1000 microns. 

[0024] Referring now to Figure 2, in an embodiment of present invention, the 
article cleaning apparatus 1000 is operable to perform a solvent based cleaning 
process and a water based cleaning process. In Figure 2, the cleaning basket assembly 
2 typically comprises a rotating basket 14 coupled to a motor 3. The rotating basket 
25 14 comprises a plurality of holes 17. The motor 3 rotates the rotating basket 14. 

Suitable drive system alternatives, presented for illustration and without limitation 
include, direct drive, pulley-belt drive, transmissions, and any combination thereof. 
The direct drive orientation of the rotating basket 14 and the motor 3 is provided for 
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illustrative purposes and it is not intended to imply a restriction to the present 
invention. In one embodiment of the present invention (not shown in Figure 2), the 
motor 3 has a different major longitudinal axis than the longitudinal axis 220 of the 
rotating basket 14, and the motor 3 is coupled to the rotating basket 14 by a pulley and 
5 a belt. 

[0025] The fluid processing mechanism 4 comprises a working fluid device 6, a 
fluid regeneration device 7, and a clean fluid device 8. The working fluid device 6 is 
in communication with the air management mechanism 1, the cleaning basket 
assembly 2, the fluid regeneration device 7, and the clean fluid device 8. The fluid 

10 regeneration device 7 is in communication with the working fluid device 6 and the 
clean fluid device 8. Further, the fluid regeneration device 7 comprises an 
ultrafiltration device. The clean fluid device 8 is in communication with the working 
fluid device 6, ttie fluid regeneration device 7, the cleaning basket assembly 2, and the 
air intake mechanism 1, Further, the working fluid device 6, fluid regeneration device 

15 7, and clean fluid device 8 are each in conmiunication with the controller 5. The 

controller 5 is configured to control a cleaning process using a solvent based cleaning 
fluid and water based cleaning fluid. 

[0026] The working fluid device 6 is operable to receive a water based cleaning 
fluid or a solvent based cleaning fluid fi-om the cleaning basket assembly 2 and either 
20 discharge a water based cleaning fluid through the waste water discharge piping 154, 
pass a solvent based cleaning fluid to the fluid regeneration device 7, or pass a solvent 
based cleaning fluid directly to the clean fluid device 8 via the bypass line 145. 

[0027] The clean fluid device 8 comprises a reservoir operable to store a solvent 
based cleaning fluid. The clean fluid device 8 is also operable to provide a solvent 
25 based cleaning fluid to the cleaning basket assembly 2. 

[0028] The fluid regeneration device 7 comprises an ultrafiltration filter as 
previously described. The ultrafiltration filter comprises materials compatible with 
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the solvent based cleaning fluid used to in the article cleaning apparatus 1000 and 
method of cleaning and has a pore size range of about 0.01 microns to about 0.2 
microns. In an embodiment, the ultrafiltration filter is operable to only allow 
materials having a molecular weight of less than 100,000 daltons to pass through. In 
5 another embodiment, the ultrafiltration filter comprises an ultrafiltration membrane. 

In another embodiment, the ultrafiltration filter comprises an ultrafiltration membrane 
in a spiral wound configuration or as hollow fiber filters. 

[0029] In an embodiment where the ultrafiltration filter comprises an ultrafiltration 
membrane, the fluid regeneration 7 device further comprises a flushing device in 
10 communication with the ultrafiltration membrane, wherein the flushing device is 

operable to reverse to flow of solvent based cleaning fluid through the ultrafiltration 
filter. 

[0030] Referring now to Figure 3, in an embodiment, the fluid regeneration device 
7 comprises a regeneration cartridge 141 comprising an ultrafiltration filter 127. The 
1 5 inlet side of the regeneration cartridge 141 is in communication with the working 
fluid device 6. The regeneration cartridge 141 fiirther comprises at least a water 
absorption media 130 in communication with a cleaning fluid regeneration absorption 
media 135. In another embodiment, the regeneration cartridge 141 fiirther comprises 
a mechanical filter 120 and a particulate filter 125. 

20 [003 1 ] In one embodiment of the regeneration cartridge 141 , a solvent based 
cleaning fluid flowing fi-om the cleaning basket 2 passes sequentially through the 
mechanical filter 120, particulate filter 125, ultrafiltration filter 127, water absorption 
media 130, and cleaning fluid regeneration absorption media 135. The cleaning fluid 
regeneration adsorption media 135 contains a portion of the solvent based cleaning 

25 fluid in order to replenish the solvent based cleaning fluid that is consumed during an 
article cleaning process. The cleaning fluid regeneration adsorption media 135 also 
contains a replacement amount of solvent based cleaning fluid which is disposed of 
when changing out the regeneration cartridge 141. 
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[0032] In another embodiment of the regeneration cartridge 141, the materials to 
fabricate the cleaning fluid regeneration adsorption media 135 are selected from the 
group consisting of activated charcoal, carbon, calcined clay, Kaolinite, adsorption 
resins, carbonaceous type resins, silica gels, alumina in acid form, alumina in base 
5 form, alumina in neutral form, zeolites, molecular sieves, and any combination 

thereof. Both the amount of solvent based cleaning fluid regeneration and the speed 
of solvent based cleaning fluid regeneration depend on the volume of the cleaning 
fluid regeneration adsorption media 135. 

[0033] In one embodiment, the mechanical filter 120 has a mesh size in a range 
10 from about 50 microns to about 1000 microns. In another embodiment of the present 
invention, the particulate filter 125 has a mesh size in a range from about 0.5 microns 
to about 50 microns. 

[0034] In one embodiment, the particulate filter 125 is a cartridge filter fabricated 
from materials selected from the group consisting of thermoplastics, polyethylene, 
1 5 polypropylene, polyester, aluminum, stainless steel, metallic mesh, sintered metal, 
ceramic, diatomaceous earth, and any combination thereof. 

[0035] The storage tank in the clean fluid device 8 stores the solvent based 
cleaning fluid received from the fluid regeneration device 7. The clean fluid device 8 
fizrther comprises a pump that in communication with the storage tank. The pump is 
20 in communication with the cleaning basket assembly 2. 

[0036] While various embodiments have been described in detail and by way of 
illustration, it will be understood that various modifications and substitutions may be 
made in the described embodiments without departing from the spirit and scope of the 
invention as defined by the appended claims. 

25 
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